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Introduction {#sec001}
============

One requirement for T-cell--mediated immune surveillance is the permanent reshaping of the cell body. Here, a functional remodeling of the actin cytoskeleton is important for changes of the cell shape during migration or immune synapse (IS) formation with antigen presenting cells (APCs) or target cells \[[@pbio.2005380.ref001]--[@pbio.2005380.ref005]\]. One protein that drives these actin dynamics is cofilin. Cofilin is a 19-kDa actin-binding protein that belongs to the actin depolymerizing factor (ADF)/cofilin family. In humans and mice, three different highly conserved isoforms are expressed \[[@pbio.2005380.ref006],[@pbio.2005380.ref007]\]: nonmuscle cofilin (n-cofilin or cofilin-1 \[Cfl1\]) \[[@pbio.2005380.ref008]\], muscle cofilin (m-cofilin or cofilin-2) \[[@pbio.2005380.ref009]\], and destrin or ADF \[[@pbio.2005380.ref010]\]. This study focused on Cfl1, which is highly expressed in T cells \[[@pbio.2005380.ref011]\]. Cofilin has a dual function for actin dynamics, as it is both depolymerizing and severing actin filaments \[[@pbio.2005380.ref012]\]. In resting human peripheral blood T cells (PBTs), cytoplasmic cofilin is constitutively phosphorylated at its serine 3 residue and thus inactive. Cofilin phosphorylation (inactivation) is mediated by LIM or testis-specific kinases (reviewed by Mizuno and colleagues \[[@pbio.2005380.ref013]\]). Upon costimulation of resting T cells but not by TCR triggering alone, cofilin is dephosphorylated and thereby transmitted to its active state \[[@pbio.2005380.ref011],[@pbio.2005380.ref014],[@pbio.2005380.ref015]\]. Once active, cofilin exerts its actin remodeling function which is crucial for proper IS formation and T-cell activation \[[@pbio.2005380.ref016],[@pbio.2005380.ref017]\]. Dephosphorylated cofilin can also translocate to the nucleus where it may have anti-apoptotic functions and may enhance transcription \[[@pbio.2005380.ref011],[@pbio.2005380.ref018]\]. It can furthermore serve as nuclear shuttle for actin \[[@pbio.2005380.ref011],[@pbio.2005380.ref019]\], which is also involved in different nuclear mechanisms (reviewed by Falahzadeh and colleagues \[[@pbio.2005380.ref020]\]). Besides T-cell costimulation, chemokine receptor triggering (e.g., by SDF-1α) can also lead to the dephosphorylation of cofilin \[[@pbio.2005380.ref021]\]. In this regard, it was also shown that an active mitogen-activated protein kinase kinase (MEK) cofilin module is needed for T-cell movement \[[@pbio.2005380.ref021]\], known to be driven by constant actin flow, i.e. migration in 3D environments \[[@pbio.2005380.ref022]--[@pbio.2005380.ref025]\]. The activity of cofilin is not only inhibited by phosphorylation but also by binding to phosphatidylinositol 4,5-bisphosphate (PIP~2~) near the plasma membrane and by a pro-oxidative microenvironment. Cofilin is inactivated by oxidation provoking T-cell hyporesponsiveness or in a long-term perspective necrotic-like programmed cell death \[[@pbio.2005380.ref026],[@pbio.2005380.ref027]\]. In a reducing environment, however, even PIP~2~-bound cofilin becomes active, leading to enhanced actin dynamics in the vicinity of the plasma membrane \[[@pbio.2005380.ref028]\].

Even though the essential role of cofilin for T-cell activation and migration was proven in in vitro studies of human PBTs, there is nothing known about the importance of cofilin for T-cell development in vivo. Thus, we created a mouse line in which T-cell--specific a nf form of cofilin was expressed instead of endogenous cofilin. The decision to use a cofilin knock-in rather than a knock-out mouse was due to the observation that knocking out a protein can result in an elevated expression of other proteins, which could in turn compensate for the lack of the protein of interest \[[@pbio.2005380.ref029],[@pbio.2005380.ref030]\]. With the generated mice, we could show that cofilin is crucial for early αβ but not γδ T-cell development.

Results {#sec002}
=======

Generation of a nf cofilin variant by addition of proline to the N-terminus {#sec003}
---------------------------------------------------------------------------

To overcome potential disadvantages of fusion proteins such as alterations of protein activity or subcellular localization, coexpression of fluorescent dyes together with the protein of interest is widely used to monitor protein expression and/or promoter activities. With the help of the viral 2A consensus motif, two proteins can be coexpressed from a single mRNA by a mechanism called "ribosome skipping" \[[@pbio.2005380.ref031]--[@pbio.2005380.ref033]\]. Upon cotranslational cleavage, most of the 2A sequence remains attached to the C-terminus of the upstream protein, whereas only a single proline stays attached to the N-terminus of the downstream protein. Cofilin is reported to undergo cotranslational processing at its N-terminus and its activity is post-translationally regulated by (de)phosphorylation at its serine 3 residue. We wondered whether or not addition of proline to cofilin's N-terminus would lead to its inactivation. Therefore, we created a plasmid in which an enhanced green fluorescent protein (eGFP)-2A-Cfl1 expression cassette was cloned under a cytomegalovirus (CMV) promoter. To test expression and functionality of cofilin derived from the eGFP-2A-Cfl1 expression cassette, the plasmid was transfected into Jurkat leukemia cells in which the endogenous cofilin was knocked down via siRNA. A vector in which the C-terminus of cofilin was fused to eGFP served as positive control. Transfection efficiency and successful expression of the eGFP-2A-Cfl1 cassette was visible by eGFP analysis ([Fig 1A](#pbio.2005380.g001){ref-type="fig"}). Cofilin protein expression was further confirmed by western blot analysis of total Jurkat cell lysates ([Fig 1B](#pbio.2005380.g001){ref-type="fig"}).

![Cofilin expressed from an eGFP-2A-Cfl1 cassette is not functional in T-cells.\
Jurkat T cells were either transfected with no siRNA (mock), a nontargeting control siRNA or a cofilin-specific siRNA (binding to the 3′ UTR), in order to downregulate endogenous cofilin. Some of the cells that received cofilin siRNA were cotransfected with Cfl1-eGFP control vector or a vector carrying the eGFP-2A-Cfl1 sequence under the control of the CMV promoter. Cells were harvested and analyzed 48 h after transfection. (A) Exemplary flow cytometric analysis of eGFP expression of transfected Jurkat cells (*n* = 4 independent experiments). (B) Western blot analysis of total cell lysates by staining for total cofilin and GAPDH. All samples were normalized to cells transfected with cofilin siRNA, which was set as 1. Data is represented as mean ± SEM (*n* = 4 independent experiments). (C) Exemplary western blot showing pCfl1, total Cfl1, and control GAPDH staining. Endogenous cofilin has a size of 19 kDa (lanes 1--3 and 5), whereas cofilin derived from the Cfl1-eGFP control vector is expressed as eGFP fusion protein (size: 46 kDa, lane 4). (D) Total cellular F-actin content was analyzed by flow cytometric measurement of phalloidin binding. All samples were normalized to cells transfected with cofilin siRNA. Data is represented as mean ± SEM (*n* = 3 independent experiments). Significances were calculated against Jurkat cells transfected with siRNA only. \*\* *p* \< 0.01; \* *p* \< 0.05. Underlying data can be found in [S1 Data](#pbio.2005380.s006){ref-type="supplementary-material"}. Cfl1, cofilin-1; CMV, cytomegalovirus; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ns, not significant.](pbio.2005380.g001){#pbio.2005380.g001}

We first examined whether the addition of proline to cofilin's N-terminus influences cofilin phosphorylation. Comparing phosphorylation of endogenous cofilin ([Fig 1C](#pbio.2005380.g001){ref-type="fig"}, lane 1, pCfl1) and the cofilin from the eGFP-2A-Cfl1 cassette ([Fig 1C](#pbio.2005380.g001){ref-type="fig"}, lane 5, pCfl1) revealed much less phosphorylation of the latter. Note that cofilin expressed from the positive control vector ([Fig 1C](#pbio.2005380.g001){ref-type="fig"}, lane 4, pCfl1-eGFP) showed no alteration in the phosphorylation state.

To test the functionality of nonphosphorylated cofilin encoded by eGFP-2A-Cfl1, the F-actin content of transfected Jurkat cells was determined by analysis of phalloidin binding via flow cytometry ([Fig 1D](#pbio.2005380.g001){ref-type="fig"}). As expected, Jurkat cells with a successful cofilin knock-down showed an increase in total F-actin. Cotransfection with a positive control vector, which expressed eGFP-tagged WT cofilin, rescued F-actin depolymerization. However, Jurkat cells with cofilin knock-down that expressed eGFP-2A-Cfl1 harbored a similar high F-actin content as cells transfected with siRNA only. Thus, even though cofilin from the eGFP-2A-Cfl1 plasmid was expressed and less phosphorylated, it was not functional pointing towards defective regulation by phosphorylation.

Overall, cofilin expressed from the eGFP-2A-Cfl1 vector showed a defect in both phosphorylatability and actin remodeling function.

Generation of T-cell--specific nf cofilin knock-in mice {#sec004}
-------------------------------------------------------

Having observed the functional inactivity of cofilin obtained from the eGFP-2A-Cfl1 expression cassette in vitro, we wondered about the consequences of cofilin dysfunction in T cells in vivo. Therefore, we generated mice expressing an eGFP-2A-Cfl1 expression cassette instead of endogenous cofilin specifically in T cells. Thus, the nf form of cofilin should be expressed only in T cells. The targeting strategy used for generation of knock-in mice is shown in [S1A Fig](#pbio.2005380.s001){ref-type="supplementary-material"}. In short, an eGFP-2A-Cfl1 expression cassette was inserted into the intronic region between exon 1 and 2 of the mouse cofilin gene. To prevent transcription of the cassette, a floxed stop cassette was included in front. Another locus of X (cross)-over in P1 (loxP) site was cloned into the noncoding region of exon 1. T-cell--specific knock-out of endogenous cofilin and knock-in of the eGFP-2A-Cfl1 expression cassette was achieved by crossing mice carrying the construct with lymphocyte-specific protein-tyrosine kinase (Lck)-Cre mice that express Cre recombinase under the proximal p56^lck^ (Lck) promoter \[[@pbio.2005380.ref034]\]. WT mice (Cfl1^+/+^) could be discriminated from heterozygous (Cfl1^+/nf^) and homozygous knock-in mice (Cfl1^nf/nf^) by PCR ([S1B Fig](#pbio.2005380.s001){ref-type="supplementary-material"}). All mice were born with an expected Mendelian ratio and developed without apparent signs of abnormality. Rarely, Cfl1^nf/nf^ mice showed inflamed cheeks or intestinal prolapses. Successful T-cell--specific knock-in of the expression cassette was confirmed by flow cytometry (via eGFP expression; [S1C Fig](#pbio.2005380.s001){ref-type="supplementary-material"}). Please note that eGFP positive cells were already detected in heterozygous DN1 thymocytes ([S1D Fig](#pbio.2005380.s001){ref-type="supplementary-material"}) but not in common lymphoid progenitors in the bone marrow. This is also in line with earlier studies investigating the activity of the Lck proximal promoter \[[@pbio.2005380.ref035]\].

Characterization of the nf cofilin mutant {#sec005}
-----------------------------------------

To further characterize the nf cofilin mutant, cofilin obtained from T cells of Cfl1^+/nf^ mice (expressing both WT and nf cofilin) and control B6 mice was subjected to mass spectrometry ([S1E Fig](#pbio.2005380.s001){ref-type="supplementary-material"}). Besides its post-translational regulation by phosphorylation, cofilin was reported to undergo N-terminal excision of the initiator methionine followed by acetylation of alanine (Uniprot; P18760). Accordingly, mass spectrometry analysis of cofilin from B6 T cells revealed the presence of peptides starting with acetylated alanine ([S1E Fig](#pbio.2005380.s001){ref-type="supplementary-material"}). Thereby, peptides were either phosphorylated at serine 3 (Ac+Ph) or dephosphorylated (Ac) ([S1E Fig](#pbio.2005380.s001){ref-type="supplementary-material"}, left). These two peptide species (Ac and Ac+Ph) were also identified in MS/MS analysis of cofilin obtained from T cells of Cfl1^+/nf^ mice, which express both wt and nf cofilin ([S1E Fig](#pbio.2005380.s001){ref-type="supplementary-material"}, right). Additionally, a N-terminal cofilin peptide starting with proline, followed by methionine and alanine was found only in Cfl1^+/nf^ mice. In this peptide, no serine phosphorylation and, due to the N-terminal proline-methionine, also no alanine acetylation could be detected. Thus, in the generated knock-in mice, the single remaining proline residue hinders co- and post-translational processing of cofilin in T cells.

Loss of cofilin function leads to a massive decrease of peripheral T-cells {#sec006}
--------------------------------------------------------------------------

Having established homozygous mice expressing nf cofilin in T-cells, we next characterized their immune cells. Nf cofilin knock-in mice (Cfl1^nf/nf^) had similar numbers of total splenocytes as wt B6 animals ([S2A Fig](#pbio.2005380.s002){ref-type="supplementary-material"}). However, their lymph node (LN) cell numbers were significantly diminished ([S2B Fig](#pbio.2005380.s002){ref-type="supplementary-material"}). Further analysis of leukocyte cell populations revealed that Cfl1^nf/nf^ mice show a massive decrease in T-cell populations both in percentage and numbers in spleen ([Fig 2A](#pbio.2005380.g002){ref-type="fig"}, [S2A Fig](#pbio.2005380.s002){ref-type="supplementary-material"}). The almost complete lack of T cells in the periphery was accompanied by an absolute increase in other leukocyte cell populations such as splenic B-cells, natural killer (NK) cells, and dendritic cells (DCs) as well as eosinophils and neutrophils ([S2C Fig](#pbio.2005380.s002){ref-type="supplementary-material"}). This finding explains why total cell numbers in the spleen were normal despite the nearly complete loss of T cells in Cfl1^nf/nf^ mice. Note that mice carrying the nf cofilin construct homozygously without Cre-mediated knock-in and also mice carrying the nf cofilin construct heterozygously with Cre-mediated knock-in had similar T-cell populations as B6 mice ([S2D Fig](#pbio.2005380.s002){ref-type="supplementary-material"}).

![Mice expressing nf cofilin show a severe thymus atrophy and a developmental arrest at the DN3 stage.\
(A) Total T-cell number in spleen of B6 mice and nf cofilin knock-in mice (*n* = 6 independent experiments with a total of ≥8 mice per group). (B) Thymus was isolated and weighed, and the total cell number was determined from 4--5-weeks-old B6 or nf cofilin knock-in mice (*n* = 6 independent experiments with a total of ≥10 mice per group). (C) Flow cytometric analysis of thymocyte differentiation by CD4, CD8, CD25, and CD44 staining (*n* ≥ 8 mice per group). Exemplary dot blots from representative mice are shown on the left, whereas the statistical evaluation of summary data is shown in the middle (for DN, DP, and SP stages) and on the right (for DN cell stages). (D) Creation of mixed bone marrow chimera. Lethally irradiated B6 mice were reconstituted with equal numbers of CD3^+^ cell--depleted BM cells from CD45.2^+^ tester (Cfl1^nf/nf^) and CD45.1^+^ competitor (B6) mice. Total chimerism was measured and CD4 versus CD8 plots show the developmental stage of thymocytes derived from CD45.1^+^ or CD45.2^+^ BM cells. Plots are representative of six mixed chimeras per group. Bar graphs show the average abundance of each major thymocyte population within the chimera from both tester (CD45.2^+^) and competitor (CD45.1^+^) donor cells. Data is represented as mean ± SEM. \*\*\*\* = p\<0.0001; \*\* = p\<0.01. Underlying Data can be found in [S1 Data](#pbio.2005380.s006){ref-type="supplementary-material"}. BM, bone marrow; DN, double negative; DP, double positive; SP, single positive.](pbio.2005380.g002){#pbio.2005380.g002}

Cofilin is essential for early T-cell development in the thymus {#sec007}
---------------------------------------------------------------

In regard to the small T-cell numbers in the periphery, we next investigated the thymic development of nf cofilin knock-in mice. Here, Cfl1^nf/nf^ mice showed a severe thymus atrophy, which was characterized by a decrease in the thymic cell number of more than 99% ([Fig 2B](#pbio.2005380.g002){ref-type="fig"}). Flow cytometric characterization demonstrated that thymocytes were almost exclusively found within the CD4^-^ CD8^-^ double negative (DN) stage, suggesting a very early block in T-cell development ([Fig 2C](#pbio.2005380.g002){ref-type="fig"}, left bar chart). The DN stage can be further discriminated into 4 developmental steps by differential expression of surface CD25 and CD44 \[[@pbio.2005380.ref036]\]. Within the DN stage, thymocytes were mainly detected in the DN2 (CD44^+^ CD25^+^) and DN3 (CD44^-^ CD25^+^) stage, with most cells accumulating at the DN3 stage. Furthermore, a loss of cells in the DN4 stage (CD44^-^ CD25^-^) was observed ([Fig 2C](#pbio.2005380.g002){ref-type="fig"}, right bar chart).

T-cell development is not determined solely by T-cell progenitors themselves but is also influenced by the thymic stroma. To test whether the reason for impaired thymocyte development is T-cell intrinsic, mixed bone marrow chimeras were created ([Fig 2D](#pbio.2005380.g002){ref-type="fig"}). To this end, irradiated B6 mice were injected with a 1:1 ratio of bone marrow (BM) tester cells (derived from Cfl1^nf/nf^ knock-in mice; CD45.2^+^) and control competitor cells (B6; CD45.1^+^). Once successful reconstitution was verified in peripheral blood of the recipient mice, their thymus was taken out and cells were analyzed by flow cytometry. Thymocytes that originated from BM of Cfl1^nf/nf^ accumulated in the DN stage (mainly in DN3), whereas control competitor cells derived from B6 mice developed completely normally. B-cells that originated from BM of Cfl1^nf/nf^ mice developed to a normal extent ([S2E Fig](#pbio.2005380.s002){ref-type="supplementary-material"}). This indicates that the disturbed T-cell development in nf cofilin knock-in mice is caused by T-cell intrinsic factors. Further, the number of CD45.2^+^ cells which were found in the thymi of reconstituted B6 mice was much smaller than the one of CD45.1^+^ control cells (3% versus 95%), implying not only a developmental but also a proliferative disadvantage of cells which originated from BM of homozygous knock-in mice. Overall, the severe thymus atrophy seems to be caused by a lack of DN thymocyte expansion.

Importance of cofilin for αβ but not γδ T-cell development {#sec008}
----------------------------------------------------------

Despite the enormous thymus atrophy and reduction in peripheral T-cell numbers, there were few CD3^+^ cells detected in secondary lymphoid organs of Cfl1^nf/nf^ mice. Hence, we wondered if the remaining peripheral T-cells are of a specific subtype. Analysis of CD4 and CD8 expression in T-cells from the spleen revealed a strong accumulation of CD4^-^ CD8^-^ cells in nf cofilin knock-in mice ([S3A Fig](#pbio.2005380.s003){ref-type="supplementary-material"}). We next checked splenic T-cells for TCRβ and TCRγδ surface expression. In B6 mice \>95% of T-cells are of the αβ subtype and only a minor fraction of γδ T-cells are found (\~ 2%) ([Fig 3A](#pbio.2005380.g003){ref-type="fig"}). In contrast, Cfl1^nf/nf^ mice do not harbor substantial amounts of αβ T-cells but possess normal absolute numbers of γδ T-cells ([Fig 3A](#pbio.2005380.g003){ref-type="fig"}, bars on the right). Note that also the distinct CD4^-^CD8^+^ population of splenic T-cells isolated from Cfl1^nf/nf^ mice expressed exclusively TCRγδ but not TCRβ ([S3B Fig](#pbio.2005380.s003){ref-type="supplementary-material"}).

![DN thymocytes of Cfl1^nf/nf^ mice show a dramatically enhanced F-actin content and impaired migratory capacity as well as a lack of TCRβ surface expression.\
(A) CD3^+^ splenocytes were analyzed for expression of TCRβ and TCRγδ. Shown are representative dot blots (left panels) and calculated absolute cell numbers (right panel) of TCRβ and TCRγδ expressing cells. Data is represented as mean ± SEM and summarizes 3 independent experiments with a total of 6 mice per group. (B) Total F-actin amount of DN thymocytes or γδ thymocytes was determined by SiR-actin staining (*n* = 3 independent experiments with a total ≥6 mice per group). (C) Migratory capacity of DN cells or γδ thymocytes was determined in a transwell assay (pore size 5 μm) in which SDF-1α (200 ng/ml) was used as chemotactic stimulus. Migration was carried out for 3 h (*n* = 3 independent experiments with ≥4 mice per group). (D) TCRβ surface (surface TCRβ) and intracellular (ic TCRβ) expression was analyzed in DN cells by flow cytometry. Representative dot plots from TCRβ versus TCRγδ staining on B6 and Cfl1^nf/nf^ DN cells are shown (*n* = 4 independent experiments with a total of ≥7 mice per group). (E) Analysis of surface and ic expression of TCRβ in DN cells of B6 (grey bar) and Cfl1^nf/nf^ mice (black bar) (left bar chart). Analysis of MFI of TCRβ of icTCRβ^+^ DN cells of B6 (grey bar) and Cfl1^nf/nf^ mice (black bar) (right bar chart). (F) Analysis of surface expression of TCRβ in DN thymocytes of B6 and Cfl1^nf/nf^ mice before (-cytoD) and after cytochalasin D treatment (+cytoD). Data is represented as mean ± SEM. \*\*\*\* *p* \< 0.0001; \*\*\* *p* \< 0.001; \*\* *p* \< 0.01; \* *p* \< 0.05; Underlying data can be found in [S1 Data](#pbio.2005380.s006){ref-type="supplementary-material"}. cytoD, cytochalasin D; ic, intracellular; MFI, mean fluorescence intensity nf, nonfunctional; ns, not significant.](pbio.2005380.g003){#pbio.2005380.g003}

γδ T cells' survival is not due to a missing Lck-Cre mediated knock-in of nf cofilin, as γδ T-cells do express Lck \[[@pbio.2005380.ref037]\]. Moreover, successful recombination of the nf cofilin construct was confirmed by PCR and the expression of the cofilin protein in γδ T-cells was confirmed by flow cytometry ([S3C and S3D Fig](#pbio.2005380.s003){ref-type="supplementary-material"}). Thus, cofilin appears to be essential only for αβ but not γδ T-cells.

In early thymocytes, lack of cofilin function leads to an accumulation of F-actin, a defective migration, and impaired TCRß but normal TCRγδ surface expression {#sec009}
---------------------------------------------------------------------------------------------------------------------------------------------------------------

As shown above, mice with a T-cell--specific knock-in of nf cofilin almost completely lacked peripheral αβ T-cells and showed a severe thymus atrophy. Residual thymocytes, which were found, accumulated in the DN stage. Thus, we next addressed why thymocytes arrested particularly at this stage of T-cell development and why expression of nf cofilin is critical for αβ but not γδ T-cell development. In regard to the actin depolymerizing function of cofilin, we first checked the cellular F-actin content of DN thymocytes as well as of thymic γδ T-cells. The F-actin content in DN thymocytes was highly increased in cells obtained from Cfl1^nf/nf^ mice in comparison to those derived from B6 mice ([Fig 3B](#pbio.2005380.g003){ref-type="fig"}, left bar chart). Interestingly, also thymic γδ T cells from Cfl1^nf/nf^ mice accumulated more F-actin than control γδ T cells ([Fig 3B](#pbio.2005380.g003){ref-type="fig"}, right bar chart).

Besides cofilin, destrin is another actin depolymerizing factor that can be expressed in mammalian cells. Flow cytometric studies revealed that destrin is expressed in DN and γδ thymocytes and its expression is not impaired in Cfl1^nf/nf^ mice ([S4A Fig](#pbio.2005380.s004){ref-type="supplementary-material"}). Thus, the presence of destrin could not compensate the effects of nf cofilin.

One important process during early T-cell development, which may be influenced by altered actin dynamics, is the outward migration of DN thymocytes from the entry site at the corticomedullary junction (CMJ) to the outer cortex. To determine the migratory capacity of DN thymocytes and γδ T cells that express nf cofilin, we employed a transwell assay, in which SDF-1α, the natural ligand of CXCR4, was used as chemotactic stimulus. DN thymocytes from Cfl1^nf/nf^ mice showed both a decreased random migration ([Fig 3C](#pbio.2005380.g003){ref-type="fig"}, left bar chart; none) and a diminished directed migration ([Fig 3C](#pbio.2005380.g003){ref-type="fig"}, left bar chart; +SDF-1α). A similar reduction in the migratory potential was observed for thymic γδ T cells ([Fig 3C](#pbio.2005380.g003){ref-type="fig"}, right bar chart).

Note that the decreased migratory capacity of nf cofilin--expressing cells was not due to a lack of CXCR4, which was expressed intracellularly and extracellularly to a similar extent as in control cells ([S4B Fig](#pbio.2005380.s004){ref-type="supplementary-material"}).

A second process during T-cell development, which requires actin dynamics, is the redistribution of receptors to the cell surface, as e.g. the TCR. While normal surface expression of TCRγδ was observed in DN thymocytes of Cfl1^nf/nf^ mice, they completely lacked TCRβ surface expression ([Fig 3D](#pbio.2005380.g003){ref-type="fig"}, upper panel). However, TCRβ was detected inside nf cofilin expressing DN thymocytes ([Fig 3D](#pbio.2005380.g003){ref-type="fig"}, lower panel). Although the number of icTCRβ^+^ DN thymocytes was decreased in Cfl1^nf/nf^ compared to B6 mice, the mean fluorescence intensity (MFI) of TCRβ in icTCR^+^ cells was similar between Cfl1^nf/nf^ and B6 mice ([Fig 3E](#pbio.2005380.g003){ref-type="fig"}).

To test whether the surface expression of TCRβ in Cfl1^nf/nf^ mice can be rescued by the disruption of actin filaments (e.g., cortical actin), we treated DN thymocytes with cytochalasin D (cytoD). Although TCRβ surface expression on thymocytes of B6 mice was slightly but not significantly enhanced after cytoD treatment, thymocytes of Cfl1^nf/nf^ mice showed still no TCRβ on their surface ([Fig 3F](#pbio.2005380.g003){ref-type="fig"}).

Our data demonstrate that DN thymocytes as well as thymic γδ T-cells from Cfl1^nf/nf^ mice showed a strong accumulation of F-actin and a decreased migration capacity. However, only TCRβ but not TCRγδ surface expression was abolished in thymocytes of nf cofilin knock-in mice.

Expression of nf cofilin does not interfere with the development of different subsets of γδ T cells {#sec010}
---------------------------------------------------------------------------------------------------

Since the heterogeneous γδ T-cell compartment consists of different subpopulations, the influence of nf cofilin on specific γδ T-cell populations was tested. First, the surface expression of Vγ1, Vγ2, and Vγ3 chains was analyzed on thymic or peripheral (skin, lung, spleen) γδ T cells ([Fig 4A](#pbio.2005380.g004){ref-type="fig"}). As expected, these Vγ chains were tissue specifically expressed. However, comparing the tissue specific Vγ chain expression of γδ T-cells from B6 and Cfl1^nf/nf^ revealed no differences at all. In line with these results, distinct γδ T-cell populations, which are characterized by the expression of different surface markers on γδ thymocytes (CD24, CD27, and CD44), were similar in Cfl1^nf/nf^ and B6 mice ([Fig 4B](#pbio.2005380.g004){ref-type="fig"}).

![Cfl1^nf/nf^ mice show normal γδ T-cell subsets which remain functional.\
(A) Analysis of the surface expression of Vγ1, Vγ2, and Vγ3 of γδ T-cells isolated from the spleen, skin, lung, and thymus of B6 (grey bar) or Cfl1^nf/nf^ mice (black bar) (*n* = 4 independent experiments with ≥4 mice per group). (B) Analysis of the surface expression of CD24, CD27, and CD44 of γδ thymocytes of B6 (grey bar) or Cfl1^nf/nf^ mice (black bar) (*n* = 4 independent experiments with ≥4 mice per group). (C) In vitro activation of splenic γδ T cells of Cfl1^nf/nf^ (black bar) and control mice (grey bar) by plate-bound CD3 and CD28 antibodies for 24 h. Determination of the T-cell activation markers CD25 (left bar chart) and CD69 (right bar chart) by flow cytometry. (D) Age- and sex-matched Cfl1^nf/nf^ (red line) and Cfl1^+/+^ (black line) mice at 7 weeks of age were used for an IMQ-induced psoriasis-like model. Over 6 days, prior to topical application of IMQ, scores of individual parameters such as scaling, back skin thickness, and erythema formation were measured and the accumulated PASI was calculated. (E) Flow cytometric analysis of IL-17A and RORγt expression in γδ T cells of skin-draining LNs. Cytokine production was assessed after 6 days of topical application of IMQ containing Aldara crème (Sham) or control crème (Aldara) (experiment with ≥4 mice per group). Data are represented as mean ± SEM. \*\*\*\* *p* \< 0.0001; \*\*\* *p* \< 0.001; \*\* *p* \< 0.01; \* *p* \< 0.05; Underlying data can be found in [S1 Data](#pbio.2005380.s006){ref-type="supplementary-material"}. Cfl1, cofilin-1; IMQ, imiquimod; ns, not significant; PASI, psoriasis area severity index.](pbio.2005380.g004){#pbio.2005380.g004}

γδ T cells of Cfl1^nf/nf^ mice remain functionally active {#sec011}
---------------------------------------------------------

Since knock-in mice had no αβ T cells but normal numbers of γδ T cells in the periphery, we wondered whether γδ T cells are still functional. To evaluate their functionality, purified splenic γδ T cells were in vitro stimulated by anti-CD3 and anti-CD28 antibodies for 24 h. Stimulated γδ T cells of both control and Cfl1^nf/nf^ mice showed increased expression of T-cell activation markers (CD25, CD69) compared to unstimulated cells ([Fig 4C](#pbio.2005380.g004){ref-type="fig"}).

To further investigate the functionality of γδ T cells in Cfl1^nf/nf^ mice under in vivo conditions, we chose the IMQ-induced psoriasis-like murine model. In this, the loss of γδ T cells was already linked to diminished psoriasis-like symptoms \[[@pbio.2005380.ref038]\]. By applying IMQ containing Aldara crème topically on the shaved back skin of either WT (Cfl^+/+^) or Cfl1^nf/nf^ knock-in mice for 6 days, the psoriasis-like phenotype was assessed ([Fig 4D](#pbio.2005380.g004){ref-type="fig"}). After 3 days, both groups started to show signs of scaling, skin thickening, and erythema. Cfl1^nf/nf^ mice exhibited slightly decreased erythema at day 4 and day 5 and diminished scaling and skin thickening at day 6 compared to WT mice. Also, the cumulative psoriasis area severity index (PASI) score was partially reduced in Cfl1^nf/nf^ mice at day 5 and 6. Nevertheless, Cfl1^nf/nf^ mice developed strong psoriasis-like symptoms over the course of the experiment and also the severity of inflammation increased up to the end of the experiment.

IL-17A--producing and RORγt-positive γδ T cells are crucial for proper development of psoriasis \[[@pbio.2005380.ref039],[@pbio.2005380.ref040]\]. Therefore, we tested the IL-17A production and RORγt expression in skin-draining LN γδ T cells. Ex vivo restimulation of LN cells from control vehicle crème (Sham) or IMQ-treated mice revealed a slightly but nonsignificantly reduced percentage of IL-17A, producing as well as RORγt-expressing γδ T cells in Cfl1^nf/nf^ mice compared to WT mice. Nonetheless, both groups showed significantly increased percentages of these cells after IMQ application compared to the mice treated with control crème only ([Fig 4E](#pbio.2005380.g004){ref-type="fig"}). Together, these experiments demonstrated that γδ T cells of Cfl1^nf/nf^ mice are functional and able to induce a psoriasis-like skin inflammation in the absence of αβ T cells.

Discussion {#sec012}
==========

Using knock-in mice in which T-cell-specific nf cofilin was expressed instead of endogenous cofilin, we demonstrate that cofilin is essential for αβ but not γδ T-cell development. Cfl1^nf/nf^ mice lacked peripheral αβ T cells and showed a severe thymus atrophy, which was caused by an early developmental arrest at the DN stage. DN thymocytes exhibited impaired actin dynamics, a defective migratory capacity, and a lack of TCRβ surface expression ([Fig 3](#pbio.2005380.g003){ref-type="fig"}). Even though γδ thymocytes were also impaired in actin dynamics and cell motility, nf cofilin knock-in mice harbored normal γδ T-cell numbers in the periphery. Those γδ T cells showed normal expression of Vγ chains and also the different subpopulations (discriminated via CD24, CD27, and CD44) were similar to those of γδ T cells from B6 mice. Thus, nf cofilin does not interfere with the development of different subsets of γδ T cells.

The functionality of peripheral γδ T cells from nf cofilin knock-in mice was proven in in vitro and in vivo experiments. First, in vitro CD3/CD28 stimulation confirmed the ability of splenic γδ T cells to be activated, although nf cofilin is expressed instead of WT cofilin. Second, we analyzed these mice via the γδ T cell--driven, IMQ-induced psoriasis-like murine model. Even though the cumulative PASI score was decreased in IMQ-treated Cfl1^nf/nf^ mice compared to control mice, they developed clear psoriasis-like symptoms, and also, the severity of psoriasis-like skin inflammation increased within the course of the experiment. In line with this, nf cofilin knock-in mice exhibited a strong induction of IL-17A^+^ RORγt^+^ γδ T cells in skin-draining LNs of IMQ-treated animals.

In this study, we avoided knocking out cofilin completely and rather expressed a nf cofilin mutant. This was accomplished solely by the addition of a single proline to cofilin's N-terminus by making use of the viral 2A sequence. The additional proline inhibits removal of the initiator methionine and as a consequence also N-terminal alanine acetylation. Moreover, no phosphorylation on serine 3 was detected. In the nf cofilin mutant, the lack of cofilin phosphorylation is most likely due to impaired cotranslational processing, which could render cofilin less accessible for kinases. Thereby, less phosphorylation does not automatically mean more activity. Similar findings were obtained with oxidized cofilin, which is a poor target for LIM kinase and was found to be less phosphorylated than untreated cofilin even though it is not able to remodel the actin cytoskeleton \[[@pbio.2005380.ref027]\].

One consequence of the expression of nf cofilin was the drastically increased F-actin content of DN thymocytes. Functionally, a massive accumulation of actin filaments could cause a stiffening of the respective cells and could render them less dynamic. Indeed, early thymocytes of nf cofilin knock-in mice showed a decreased migratory capacity towards SDF-1α. Also, their spontaneous undirected migration in the absence of chemokines was diminished. In the postnatal thymus, DN1 cells are mainly found in the inner cortex (close to the CMJ) before they start an outward migration during their transition to DN2 and DN3 stage \[[@pbio.2005380.ref041]\]. Thymocytes that are not able to migrate outward from the CMJ to the cortex due to deficiency of CXCR4, the chemokine receptor of SDF-1α, are not developing beyond the DN stage \[[@pbio.2005380.ref042]\]. Another independent study of thymocytes derived from CXCR4-deficient progenitor cells also revealed that their development is already drastically altered before they develop into DP thymocytes \[[@pbio.2005380.ref043]\]. Thus, the diminished migratory capacity of early thymocytes of nf cofilin knock-in mice---possibly due to stiffening of the actin cytoskeleton---may at least in part play a role for their developmental arrest. Moreover, in human PBTs, cofilin was shown to be dephosphorylated and thereby activated in lamellipodia upon triggering of cells with SDF-1α \[[@pbio.2005380.ref021]\]. Thus, it is likely that also during thymocyte development, cofilin is one of the effector molecules, which get activated by chemokines secreted by thymic epithelial cells and are involved in the directed migration of DN cells to the outer cortex. Although normal numbers of γδ T cells were found in nf cofilin knock-in mice, γδ thymocytes also showed an accumulation of F-actin as well as a defective migratory capacity as observed for DN thymocytes. These findings imply that cofilin function and high cell motility are more crucial for αβ than for γδ T-cell development.

Besides the essential role of actin dynamics for cell movement, the dynamic rearrangement of the actin cytoskeleton is also important for clustering and (re)distribution of surface receptors, e.g., during immune synapse formation \[[@pbio.2005380.ref044]--[@pbio.2005380.ref046]\]. In our study, knock-in of a dysfunctional cofilin had detrimental effects on TCRβ but not on TCRγδ surface expression of DN thymocytes. Even though the TCRβ chain is rearranged and expressed intracellularly, it is not detectable on the the cell surface. Interestingly, the surface translocation of other proteins, e.g. CD25, CD44, or CXCR4, was not influenced, indicating a selective effect of nf cofilin on TCRβ surface translocation rather than an interference with the general surface transport of membrane proteins.

Alternatively to altered TCRβ transport to the cell surface, the diminished TCRβ expression among DN thymocytes could theoretically also be due to the lack of NKT cells, since the Lck promoter is also active in these cells \[[@pbio.2005380.ref035]\]. However, NKT cells were still present in nf cofilin mice. Interestingly, these NK1.1^+^ DN thymocytes did also not express TCRβ on their surface, emphasizing the importance of cofilin for TCRβ translocation.

TCRβ surface expression is essential for pre-TCR signaling and the transition through the so-called β-checkpoint. Interestingly, thymocytes of nf cofilin knock-in mice accumulated in the DN3 stage, a phenotype which is indeed characteristic for impaired pre-TCR signaling (e.g., caused by knocking out components of the pre-TCR \[[@pbio.2005380.ref047],[@pbio.2005380.ref048]\]). Whereas functional pre-TCR signaling and passage through the β-checkpoint induces extensive proliferation of DN thymocytes and development into DP thymocytes, those cells which are not able to express a functional pre-TCR get eradicated by apoptosis \[[@pbio.2005380.ref049],[@pbio.2005380.ref050]\]. This proliferative burst is one of the key functions of pre-TCR signaling, and thus the dramatic thymic atrophy in nf cofilin knock-in mice is at least in part due to the lack of proliferation and/or induction of apoptosis. However, to finally conclude that nf cofilin is interfering with preTCR signaling, a comparison between TCRa^-/-^ and Cfl1^nf/nf^ mice would be necessary.

In the thymus, *Tcrb*, *Tcrg*, and *Tcrd* are all rearranged at the DN2/3 stage of development. It is at the DN3 stage in which final fate determination of αβ and γδ lineages takes place. If cells have rearranged the TCRβ chain, the β-selection process starts. In contrast to the αβ lineage cells, those DN3 cells that have rearranged functional γ and δ chains undergo γδ selection remain negative for both T-cell co-receptors and develop into γδ T cells (for details about the αβ versus γδ lineage decision, see the publication of Zarin and colleagues \[[@pbio.2005380.ref051]\]). As αβ and γδ T cells undergo different developmental processes, they may also have varying requirements, e.g., in regard to up-regulation of receptors. This study shows that cofilin-driven cellular processes are essential for cell surface expression of TCRβ but appear to be less important for γδ TCR up-regulation. One possible explanation for this could be that other actin-remodeling proteins can partially compensate for the lack of cofilin function in γδ T cells. We investigated destrin, another closely related actin-depolymerizing factor. It was equally expressed in DN and γδ thymocytes of Cfl1^nf/nf^ mice. This shows first that destrin could not compensate the effects of nf cofilin (massive increase of the F-actin amount in nf cofilin knock-in cells) and second that normal developmental and function of γδ thymocytes was not due to a higher expression of destrin. So far, we have no information about the expression and function of other actin-depolymerizing proteins. Furthermore, we did not find any information in the literature about the role of actin remodeling proteins in γδ T-cells. Additionally, there is no other study---at least to our knowledge---reporting about a differential role of an actin remodeling protein for αβ versus γδ T-cell development.

Previous studies in which cytoskeletal proteins were targeted in mice revealed that they are of major importance for the emigration of mature SP thymocytes from the thymus to secondary lymphoid organs. However, these proteins play only a minor role for early thymocyte development. This holds true for mice deficient in mDia (actin-nucleating-polymerizing protein) \[[@pbio.2005380.ref052]\] as well as for L-plastin (actin bundling protein) \[[@pbio.2005380.ref053]\] and Coronin1A (inhibits nucleation-promoting Arp2/3 complex) \[[@pbio.2005380.ref054],[@pbio.2005380.ref055]\]. Closest to the phenotype observed for nf cofilin knock-in mice---albeit being more modest---was the phenotype of mice with a knock-out of WASP (Wiskott--Aldrich Syndrome protein). These mice exhibited a reduction of thymic cellularity and a relative increase in DN3 cells among the DN cell compartment \[[@pbio.2005380.ref056]\]. However, in another study in which WASP was targeted, there was no effect on thymocyte development \[[@pbio.2005380.ref057]\]. A study of Zhang and colleagues, in which T cells expressed WASP with a deleted VCA domain on the WASP knock-out background confirmed the importance of WASP for T-cell development \[[@pbio.2005380.ref058]\]. DN cells from those mice do express pre-TCRα and TCRβ. However, in contrast to nf cofilin knock-in mice, they develop DP cells. Yet DP cells also do not express TCRβ on the cell surface and show a surface phenotype resembling the one of immature thymocytes from the DN population. Thus, even though WASP seems to be important for pre-TCR signaling and thymocyte development, it most likely plays only a partial role in this process, as there are still thymocytes which develop beyond the DN stage in WASP knock-out mice, and also, mature T-cells are present in their periphery.

Together, our data demonstrate the unique role of cofilin activity for proper development of αβ but not γδ T cells. Probably, cofilin and related signaling cascades are valuable starting points to decipher differences in developmental checkpoints for αβ versus γδ T-cell lineage decision. Besides this, usage of the Cre/lox system also allows us to knock-in the functionally inactive cofilin in other cell types. Our strategy not only allows the expression of a nf form of cofilin but also the coexpression of eGFP, which further enables to monitor knock-in cells and cofilin promoter activity. This makes the generated mice to a valuable tool for studying the relevance of cofilin in different cell types.

Methods {#sec013}
=======

Ethics statement {#sec014}
----------------

All mouse experiments were carried out in accordance with the relevant guidelines and regulations by the federal state Baden-Wuerttemberg and Rhineland-Palatinate, Germany. Psoriasis experiments were approved by Landesuntersuchungsamt Rheinland-Pfalz (TVA \# G13-1-099). To dissect lymphoid organs (e.g., LNs, spleen, or thymus), mice were euthanized by cervical dislocation or lethal dose of CO~2~.

Mice {#sec015}
----

Strain details as well as procedure to generate nf cofilin knock-in mice are provided in [S1 Text](#pbio.2005380.s005){ref-type="supplementary-material"}. All mice were bred and maintained at the central animal facility of the University of Heidelberg under specific pathogen-free conditions. Mice used in experiments were sex- and age-matched and were generally 6--12 weeks (or, for thymic experiments, 4--5 weeks) old.

Transfection of Jurkat cells {#sec016}
----------------------------

For knock-down of endogenous cofilin in Jurkat cells and expression of eGFP-2A-Cfl1, Jurkat cells were transfected with the Bio-Rad GenePulser II. To this end, each 10 Mio of cells were mixed with 2 μg cofilin siRNA (CFL1 ON-TARGETplus siRNA; Dharmacon) and/or 15 μg plasmid DNA and electroporated at 230 V and 950 mF. Cells were cultured in RPMI1640 medium containing 10% FCS at 37 °C and 5% CO~2~. Transfection efficacy as well as successful down-modulation of endogenous cofilin was examined by western blot (see [S1 Text](#pbio.2005380.s005){ref-type="supplementary-material"}).

F-actin content {#sec017}
---------------

For determination of the cellular F-actin content of Jurkat cells, 1 Mio of cells were fixed with 1.5% PFA in PBS for 10 min at 37 °C. Afterwards, cells were permeabilized in FACS buffer (PBS with 0.5% BSA) containing 0.1% saponine for 10 min at RT. Cells were stained in the same buffer containing Phalloidin-AF647 (Life technologies) for 20 min at RT. For determination of the F-actin content of DN thymocytes or γδ thymocytes, cells were stained with 500 nM SiR-actin (Cytoskeleton, Inc.) for 3 h at 37 °C. The higher the MFI of Phalloidin-AF647 or SiR-actin, the more filamentous actin is present inside the cell.

Migration assay {#sec018}
---------------

Chemotaxis of thymocytes was tested with 5-μm pore size Transwell plates (Corning). To this end, 50,000 cells in medium were plated in the upper compartment of the transwell insert and medium +/− 200 ng/ml SDF-1α (Peprotech) was added into the lower compartment. Migration was carried out for 3 h at 37 °C. The number of transmigrated thymocytes was determined via flow cytometry by making use of an internal bead standard (BD Biosciences).

CytoD treatment {#sec019}
---------------

To disrupt the cortical actin of thymocytes, 2 Mio cells were treated with 20 μM cytochalasin D (Sigma Aldrich) for 1 h at 37 °C. After cytoD treatment, cells were stained for TCRβ and surface expression was analyzed by flow cytometry.

In vitro T-cell stimulation {#sec020}
---------------------------

Splenic γδ T cells were MACS isolated using "TCRg/d T-cell isolation kit, mouse" (Miltenyi Biotec). Cells numbering 300,000 were stimulated by plate-bound αnti-CD3 (10 μg/mL, BD Bioscience) and anti-CD28 antibodies (2 μg/mL, BD Bioscience) for 24 h at 37 °C. After stimulation, cells were stained for surface markers and analyzed by flow cytometry.

In vivo IMQ-induced psoriasis-like model {#sec021}
----------------------------------------

Age- and sex-matched Cfl1^nf/nf^ and Cfl1^+/+^ mice at 7 weeks of age were used for IMQ-induced psoriasis-like model.

Mice received a daily topical dose of 50 mg of IMQ crème (5%) (Aldara, Meda Pharma) or 50 mg of a control vehicle crème (Sham crème, University medicine Mainz) over 6 days. Prior to topical application scores of individual parameters such as back skin thickness, scaling, and erythema formation were measured and the accumulated PASI was calculated as described previously \[[@pbio.2005380.ref059]\]. At day 6, mice were killed humanely and LN cells were isolated for intracellular cytokine staining.

PMA/Ionomycin ex vivo stimulation of isolated LNs {#sec022}
-------------------------------------------------

To induce cytokine production, single cell suspensions of isolated LNs were stimulated with 50 ng/ml phorbol 12-myristate 13-acetate (PMA, Sigma Aldrich) and 500 ng/ml ionomycin (Sigma Aldrich) in the presence of 1 μg/ml Brefeldin A for 4 h at 37 °C. After stimulation, cells were stained for surface markers and intracellular cytokines and analyzed by flow cytometry.

Statistical analysis {#sec023}
--------------------

Statistical analysis was performed with Prism 6 software. Values are expressed as mean ± SEM. Unpaired two-tailed Student *t* test was used to test significant numerical differences between groups. Differences of *p* ≤ 0.05 were considered to be statistically significant (\* *p* ≤ 0.05; \*\* *p* ≤ 0.01; \*\*\* *p* ≤ 0.001; \*\*\*\* *p* \< 0.0001).

Supporting information {#sec024}
======================

###### Generation of T-cell--specific nf cofilin knock-in mice.

\(A\) Strategy used to create T-cell--specific nf cofilin knock-in mice. The first line shows the exon-intron organization of the mouse cofilin gene. It lies on chromosome 19 and consists of 4 exons (filled yellow boxes). In the targeted allele (second line) a floxed stop cassette, an eGFP-2A-Cfl1 sequence and a FRT-flanked neomycin (neo) cassette were inserted into the intronic region between exon 1 and 2 of the cofilin gene. Another loxP site was introduced into the noncoding sequence of exon 1. Mice carrying the construct in their germline were mated with Flp deleter mice in order to remove the neomycin cassette (third line). Afterwards, T-cell--specific knock-out of endogenous cofilin by deletion of exon 1 and at the same time knock-in of the eGFP-2A-Cfl1 expression cassette was achieved by crossing mice carrying the Flp recombined construct with Lck-Cre mice. (B) Mouse genotyping was performed by PCR of tail DNA. The allele carrying the construct could be discriminated from the WT allele by the additional loxP site. Cfl1^+/+^: wt mice; Cfl1^+/nf^: heterozygous mice; Cfl1^nf/nf^: homozygous mice. (C) Flow cytometric analysis of eGFP expression in T cells and non-T cells of purified peripheral blood mononuclear cells PBMCs from Cfl1^+/nf^ mice. (D) Flow cytometric analysis of eGFP expression in common lymphoid progenitor cells CLPs from the bone marrow and thymocytes (DN1, DP and SP stage) from thymi of Cfl1^+/nf^ mice. For analysis of eGFP expression in CLPs, lineage negative cells were isolated from BM of mice by MACS. CLPs were then identified by their expression of IL7Rα, c-kit and Sca-1 \[[@pbio.2005380.ref060]\]. (E) LC-MS/MS analysis of cofilin peptides resulting from tryptic digestion of cofilin isolated from splenic T cells of B6 and Cfl1^+/nf^ mice. Shown are the extracted ion chromatograms of the depicted peptides. "Ac" represents N-terminus of cofilin starts with acetylated alanine and serine is not phosphorylated; "Ac + Ph" represents N-terminus of cofilin starts with acetylated alanine and serine is phosphorylated; "PMAS" represents N-terminus of cofilin starts with proline, followed by methionine, alanine and non-phosphorylated serine. CLP, common lymphoid progenitor cells; PBMC, peripheral blood mononuclear cell; WT, wild-type.

(TIF)

###### 

Click here for additional data file.

###### T-cell--specific expression of nf cofilin leads to a massive reduction of peripheral T cells.

\(A\) Total spleen cell number and percentage of T cells in spleen of B6 mice and Cfl1^nf/nf^ mice. (B) Total thymic cell number and percentage of T cells in LNs of B6 mice and Cfl1^nf/nf^ mice. (C) Splenic cells were analyzed for B-cell, NK cell, DC, neutrophil, and eosinophil populations. Shown are the percentage of total splenocytes. Each data point represents an individual mouse. (D) Flow cytometric analysis of B- and T-cell populations in lymphocytes derived from LNs of control B6 mice, Cfl1^+/+^ mice (homozygous for construct but no Cre-mediated knock-in), Cfl1^nf/wt^ (heterozygous for construct with Cre-mediated knock-in) and Cfl1^nf/nf^ mice (homozygous for construct with Cre-mediated knock-in). One representative result out of 3 independent experiments with a total of 6 mice per group is shown. (E) Analysis of the percentage of splenic B-cells within the chimera (see [Fig 2D](#pbio.2005380.g002){ref-type="fig"}) from both tester (CD45.2^+^) and competitor (CD45.1^+^) donor cells. Data is represented as mean ± SEM and summarizes 4 independent experiments with a total of ≥ 6 mice per group. \*\*\*\* *p* \< 0.0001; \*\* *p* \< 0.01; \* *p* \< 0.05. Underlying data can be found in [S1 Data](#pbio.2005380.s006){ref-type="supplementary-material"}. ns, not significant.

(TIF)

###### 

Click here for additional data file.

###### Remaining peripheral T cells are of γδ T-cell subset type expressing nf cofilin.

\(A\) Flow cytometric analysis of T-cell co-receptors CD4 and CD8 on splenic T cells of B6 and Cfl1^nf/nf^ mice. (B) Flow cytometric analysis of T-cell populations in lymphocytes derived from spleen of control B6 mice (left panel) and Cfl1^nf/nf^ mice (right panel). CD8^+^ T-cell population in spleen of B6 mice express either highly TCRβ or low amounts of TCRγδ. Splenic CD8^+^ T cells of Cfl1^nf/nf^ mice express solely TCRγδ. (C) γδ T cells were isolated from splenocytes of Cfl1^nf/nf^ mice via FACS sort and were analyzed for Cre recombination by PCR of cell lysates. Lysates of thymocytes were used as a positive control, whereas mouse tail DNA (from Cfl1^nf/nf^ mice) and H~2~O served as negative controls. (D) Cofilin expression analysis of splenic γδ T cells of B6 mice (upper panel) and Cfl1^nf/nf^ mice (lower panel). Cells were pre-gated on CD3^+^ γδ T cells. nf, nonfunctional.

(TIF)

###### 

Click here for additional data file.

###### Cfl1^nf/nf^ mice show normal destrin as well as CXCR4 expression.

\(A\) Analysis of destrin expression in DN and γδ thymocytes of B6 and Cfl1^nf/nf^ mice. (B) Analysis of ic and surface expression of CXCR4. Data is represented as mean ± SEM and summarizes 4 independent experiments with a total of ≥ 6 mice per group. \*\*\*\* *p* \< 0.0001; \*\* *p* \< 0.01; \* *p* \< 0.05. Underlying data can be found in [S1 Data](#pbio.2005380.s006){ref-type="supplementary-material"}. ic, intracellular; ns, not significant.

(TIF)

###### 

Click here for additional data file.

###### Supplemental experimental procedures.

(DOCX)

###### 

Click here for additional data file.

###### Underlying data.

Data for Figs [1B, 1D](#pbio.2005380.g001){ref-type="fig"}, [2A--2D](#pbio.2005380.g002){ref-type="fig"}, [3A--3C, 3E, 3F](#pbio.2005380.g003){ref-type="fig"} and [4A--4E](#pbio.2005380.g004){ref-type="fig"}, [S2A--S2C, S2E](#pbio.2005380.s002){ref-type="supplementary-material"}, [S4A and S4B](#pbio.2005380.s004){ref-type="supplementary-material"} Figs.

(XLSX)

###### 

Click here for additional data file.
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ADF

:   actin depolymerizing factor

APC

:   antigen presenting cell

BM

:   bone marrow

Cfl1

:   cofilin-1

CLP

:   common lymphoid progenitor cells

CMJ

:   corticomedullary junction

CMV

:   cytomegalovirus

cytoD

:   cytochalasin

DC

:   dendritic

DN
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:   double positive
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:   enhanced green fluorescent protein
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:   glyceraldehyde-3-phosphate dehydrogenase

ic

:   intracellular

IMQ

:   imiquimod
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:   immune synapse

Lck

:   lymphocyte-specific protein-tyrosine kinase

LN

:   lymph node

loxP

:   locus of X(cross)-over in P1

MEK

:   mitogen-activated protein kinase kinase

MFI

:   mean fluorescence intensity

nf

:   nonfunctional

NK

:   natural killer

ns

:   not significant

PASI

:   psoriasis area severity index

PBMC

:   peripheral blood mononuclear cell

PBT

:   peripheral blood T cell

PIP~2~

:   phosphatidylinositol 4,5-bisphosphate

SP

:   single positive

TCR

:   T cell receptor
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:   Wiskott--Aldrich Syndrome protein

WT

:   wild-type
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